Introduction {#S0001}
============

Osteoarthritis (OA) is a leading cause of musculoskeletal pain and disability, affecting over 13% of the United States (US) adult population.[@CIT0001],[@CIT0002] OA prevalence in the US has doubled between 1999 and 2014 and is more common than other forms of arthritis, including rheumatoid arthritis, which has seen a decline over the same period.[@CIT0003] While OA is a disease that can affect any synovial joint, the knee is among the most frequently affected joint.[@CIT0004] Knee OA produces substantial physical (ie, knee pain, reduced function), psychological (ie, increased stress, poorer quality of life) and socioeconomic (ie, increased healthcare utilization, surgical intervention) burden.[@CIT0005]--[@CIT0007]

Research evidence indicates disparities in the impact of knee OA across both sex and ethnicity/race. Specifically, the lifetime risk of symptomatic OA is higher in women (16.3%) compared to men (11.4%),[@CIT0008] thus, the prevalence of radiographic and symptomatic knee OA is greater in women compared to men.[@CIT0009],[@CIT0010] Furthermore, women report greater pain severity[@CIT0009],[@CIT0011] and women with radiographic symptomatic knee OA have a higher incidence of total knee replacement, although this trend in total knee replacement is predominately driven by non-Hispanic White (NHW) women compared to women of other ethnic/racial groups.[@CIT0012] Therefore, it is important to understand disparities-related factors that contribute to knee OA pain in women. Regarding ethnicity/race, a recent meta-analysis provides compelling evidence that ethnic/racial minorities, specifically non-Hispanic Black (NHB) individuals, experience greater pain and disability compared to their NHW counterparts.[@CIT0013] Specifically, NHBs report greater pain severity,[@CIT0014],[@CIT0015] higher levels of pain-related physical and psychosocial disability,[@CIT0016] and more severe functional limitations.[@CIT0017],[@CIT0018]

The greater burden of knee OA among women and NHB individuals raises the question of whether common factors may contribute to OA-related pain and disability in these high-risk groups. While a multitude of factors likely contribute to the growing disparities of pain in women with knee OA, Luong et al[@CIT0019] identified several psychosocial mediators (eg, perceived discrimination, catastrophizing) that may influence OA-related outcomes. Indeed, experiences of discrimination could be an important contributor to health disparities in women and individuals from racial/ethnic minority groups.[@CIT0020],[@CIT0021] Discrimination involves the behavioral demonstration of bias against a specific group.[@CIT0022] Exposure to discrimination may be a chronic stressor that results in dysregulation of biopsychosocial processes[@CIT0023] increasing the susceptibility to the development of chronic pain. Experiences of discrimination are associated with chronic life stress,[@CIT0024] greater experimental pain,[@CIT0025] chronic pain,[@CIT0026]--[@CIT0028] and disability.[@CIT0017] Also, pain catastrophizing is associated with greater stress and poorer OA-related pain outcomes in women.[@CIT0029] Waugh and colleagues[@CIT0030] provide evidence that internalized stigma in persons with chronic pain was associated with higher levels of pain catastrophizing, which negatively impacted individuals' sense of control over pain. Therefore, experiences of discrimination, which can result in increased internalized stigma, could lead to increased pain catastrophizing, which can facilitate pain. However, no study has investigated the extent to which perceived stress and pain catastrophizing may mediate the association of discrimination with pain-related outcomes.

This gap in knowledge represents an opportunity to identify important psychosocial determinants of OA pain that can potentially be mitigated and/or reduced to improve OA outcomes. The current study aims to examine whether perceived stress and pain catastrophizing serially mediate the relationship between experiences of discrimination and OA-related pain, disability, and functional impairment in a racially diverse sample of adults with knee pain. We tested the following hypotheses: Hypothesis 1: Higher rates of perceived discrimination in NHB participants would be associated with higher rates of perceived stress, pain catastrophizing, clinical pain and disability, and lower levels of physical function compared to NHW participants. Hypothesis 2: Perceived stress and pain catastrophizing would serially mediate the association of discrimination with clinical pain, disability, and physical function in women.

Patients and Methods {#S0002}
====================

Study Overview {#S0002-S2001}
--------------

The current study was a cross-sectional study of a larger ongoing longitudinal observational cohort study titled Understanding Pain and Limitations in Osteoarthritic Disease -- Second Cycle (UPLOAD-2) that aims to elucidate the mechanisms underlying ethnic/racial group differences in knee pain among adults with or at risk for knee OA. The UPLOAD-2 study was a multi-site investigation being conducted at the University of Florida and the University of Alabama at Birmingham. The participants described in the current analysis were recruited at both sites between August 2015 and May 2017. All participants provided written informed consent, and this study was conducted in accordance with the Declaration of Helsinki.

Participants {#S0002-S2002}
------------

Participants were 188 (117 women, 71 men) community-dwelling adults between 45 and 85 years of age who self-identified as NHB or NHW, presented with unilateral or bilateral knee pain and screened positive for clinical knee OA.[@CIT0031]

Procedures {#S0002-S2003}
----------

All procedures were reviewed and approved by the Institutional Review Boards at the University of Florida and the University of Alabama at Birmingham. Participants completed a standardized telephone screening to confirm initial eligibility. The following sociodemographic and physical health data were acquired as part of the screening to determine initial eligibility: self-reported sex, age, ethnic/racial identity, and a brief health history including symptoms of knee OA. This screening questionnaire used to determine symptoms of knee OA showed 87% sensitivity and 92% specificity for radiographically confirmed symptomatic knee OA.[@CIT0032] All participants were negative for other rheumatologic conditions including rheumatoid arthritis, fibromyalgia, which could explain knee pain. Given the broad definition of OA,[@CIT0033] we adopted this approach to be as inclusive as possible in recruitment, as our primary focus is on understanding factors associated with knee pain rather than OA pathophysiology itself. Moreover, because this prospective observational study is designed to evaluate the progression of OA-related symptoms, we sought to enroll a cohort with a broad range of OA characteristics, from very early signs to advanced disease.

Participants who met the inclusion criteria were brought into the laboratory and were consented prior to data collection. Participants then completed health and pain history questionnaires, which included sociodemographic questions (eg, race/ethnicity, income), and body mass index (BMI) measurements were obtained. Prior to the end of the first visit, participants completed the Short Physical Performance Battery (SPPB). Questionnaires assessing experiences of discrimination, psychosocial variables, clinical pain, and disability were administered electronically via email prior to the subsequent visits of this multi-session protocol (ie, three laboratory visits) to reduce participant burden. However, if the participant did not have access to a computer to complete the questionnaires electronically, the questionnaires were completed at the beginning of the next laboratory visit. Participants completed several questionnaires (ie, CSQ-R pain catastrophizing subscale, WOMAC pain, GCPS interference, and Perceived Stress Scale) prior to or at the beginning of visit two, and the Experiences of Discrimination questionnaire was completed prior to or at the beginning of visit three.

Participants were recruited through the community via multiple advertisement methods (eg, posted fliers) and via clinic-based methods. Participants were excluded for the following self-reported conditions: 1) prosthetic knee replacement or other clinically significant surgery to the arthritic knee; 2) uncontrolled hypertension; 3) heart disease; 4) peripheral neuropathy; 5) systemic rheumatic disorders 6) neurological diseases 7) significantly greater pain in body sites other than in the knee; 8) daily opioid use; 9) hospitalization within the preceding year for psychiatric illness; or 10) pregnant or nursing.

Measures {#S0002-S2004}
--------

### Outcome Variables {#S0002-S2004-S3001}

#### Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) {#S0002-S2004-S3001-S4001}

The WOMAC is a reliable (Cronbach's alpha ≥0.80) and well-validated measure of lower extremity pain in persons with OA.[@CIT0034],[@CIT0035] WOMAC assesses symptoms of knee OA in the past 48 hours. The WOMAC pain (range 0--20) subscale was included in data analysis. Higher scores on this subscale indicate greater pain.

#### Graded Chronic Pain Scale (GCPS) {#S0002-S2004-S3001-S4002}

The GCPS is a 7-item scale that evaluates pain-related interference over the past 6 months. The GCPS yields an overall "Disability" score.[@CIT0036] With a 0--10 NRS, participants rated the degree to which their knee pain interfered with daily activities including recreation and work during the past 6 months. These 3 items were averaged and multiplied by 10 to generate a disability score, with higher scores indicating greater symptomatology.

#### Short Physical Performance Battery (SPPB) {#S0002-S2004-S3001-S4003}

The SPPB is a standardized measure of lower-extremity function that includes three performance tests: standing balance, 4-meter gait speed, and chair-rising tasks.[@CIT0037] Each measure is scored from 0 (worst performance) to 4 (best performance), and a total score ranging from 0 to 12 is calculated by summing the scores from all three subscales. Lower scores indicating poorer function. The total score was used in the analyses.

### Independent Variable {#S0002-S2004-S3002}

#### Experiences of Discrimination (EOD) {#S0002-S2004-S3002-S4001}

The EOD assessed experiences of discrimination across 9 different situations.[@CIT0020] Participants indicated the frequency to which they experienced various forms of day-to-day mistreatment (never, once, two or three times, four or more times), and for endorsed experiences participants also indicated the reason for the mistreatment (eg, race, gender, weight, ... ). Examples include, "You have been treated with less respect than other people," "You have been called names or insulted" and "You have been threatened or harassed." These items are framed without reference to race, ethnicity, or gender.

### Mediator Variables {#S0002-S2004-S3003}

#### Perceived Stress Scale {#S0002-S2004-S3003-S4001}

Perceived stress was assessed through the 10-item Perceived Stress Scale (PSS), a reliable (Cronbach's alpha ≥0.84) and valid scale designed to measure the role of nonspecific appraised stress.[@CIT0038],[@CIT0039] Participants are asked to rate (0 = "never" to 4 = "very often") statements asking about thoughts and feelings over the past month. A total perceived stress score is computed.

#### Coping Strategies Questionnaire-Revised (CSQ-R) {#S0002-S2004-S3003-S4002}

The CSQ-R Pain Catastrophizing subscale assessed the helplessness dimension of catastrophizing. The reliability and validity of the CSQ-R subscales have previously been shown to be acceptable.[@CIT0040],[@CIT0041]

Data Analysis {#S0002-S2005}
-------------

All data were analyzed using SPSS 25.0 (IBM, Chicago, IL), and data were checked for normality, outliers, and missing values. Sex differences in sociodemographic, clinical characteristics and experiences of discrimination were assessed using chi-square for dichotomous variables and independent samples t-tests for continuous variables. Pearson correlations were conducted to examine associations between measures of experiences of discrimination and psychosocial, clinical pain, disability, and functional performance variables. A two-way between-groups analysis of covariance (ANCOVA) was conducted to assess differences across race and sex in experiences of discrimination and outcome variables (psychosocial, clinical pain, disability, and functional performance). Covariates included study site, age, and BMI. Hayes' PROCESS macro[@CIT0042] was used to examine the serial multiple mediator model. Serial mediation assumes one mediator affects another mediator within a specified direction such that experiences of discrimination could increase perceived stress which could increase pain catastrophizing resulting in poor clinical and functional outcomes (ie, experiences of discrimination perceived stress pain catastrophizing clinical and functional outcomes). The total effect denoted as *c* in the model predicts the outcome (Y) from experiences of discrimination (X), adjusting for covariates, but excluding the mediating variables (perceived stress \[*M~1~*\] and pain catastrophizing \[*M~2~*\]). The total effect consists of three indirect effects (*a*~1~*b*~1~, *a*~1~*d*~21~*b*~2~, *a*~1~*b*~2~) and one direct effect (*cʹ*).[@CIT0043] Further, a bootstrapping procedure was used to conduct inference tests for indirect effects.[@CIT0043] The 95% bias-corrected bootstrap confidence interval is based on 10,000 bootstrap samples to generate the path estimates and the indirect effects. Results were statistically significant when zero was not contained in the 95% confidence interval. Serial mediation analyses were conducted in female participants only because experiences of discrimination were not associated with the outcome variables among NHB males. As a sensitivity analysis, serial mediation analyses stratified by race were conducted in female participants, which showed similar results compared to the combined analysis. Therefore, the analyses presented below include the combined sample to increase statistical power. Study site, age, ethnic/race group, income, and BMI were included as covariates in all mediation analyses. Significance was set at *p* \< 0.05 (two-tailed).

Results {#S0003}
=======

Participant Characteristics {#S0003-S2001}
---------------------------

The sociodemographic, clinical, and anthropometric data of the participants overall and by race and sex are shown in [Table 1](#T0001){ref-type="table"}. Importantly, there were no differences in knee pain duration between the groups. Females outnumbered male participants. NHB female participants were younger, had lower income and higher BMI than NHW female participants. Additionally, more NHW female participants were married and retired compared to NHB female participants.Table 1Sociodemographic and Clinical Characteristics of Participants Across Sex and RaceNHB Females (N = 59)NHW Females (N = 58)*p*NHB Males (N = 39)NHW Males (N = 32)*p*M or N (SD or %)M or N (SD or %)M or N (SD or %)M or N (SD or %)Age (years)\*55.4 (6.9)59.2 (8.6)0.0158.0 (5.6)60.4 (9.1)0.20Sex Female59 (50.4)58 (49.6)---- Male----39 (54.9)32 (45.1)Race Non-Hispanic black59 (50.4)-39 (54.9)- Non-Hispanic white-58 (49.6)-32 (45.1)Income\*\<0.010.19 \<\$20,00027 (48.2)14 (24.6)25 (64.1)13 (40.6) \$20,000--39,99915 (26.8)7 (12.3)7 (17.9)5 (15.6) \$40,000--59,9994 (7.1)15 (26.3)4 (10.3)6 (18.8) \$60,000--99,9998 (14.3)10 (17.5)2 (5.1)5 (15.6) \>\$100,0002 (3.6)11 (19.3)1 (2.6)3 (9.4)Education0.070.32 Some high school5 (8.5)1 (1.7)5 (12.8)2 (6.3) High school degree28 (47.5)19 (32.8)19 (48.7)12 (37.5) Associates or bachelors19 (32.2)25 (43.1)13 (33.3)13 (40.6) Graduate/Professional7 (11.9)13 (22.4)2 (5.1)5 (15.6)Marital Status\*\<0.010.44 Married13 (22.4)30 (51.7)11(28.9)13 (40.6) Not married45 (77.6)28 (48.3)27 (71.1)19 (59.4)Employment\*0.030.45 Employed27 (65.9)25 (49.0)13 (48.1)8 (32.0) Not employed8 (19.5)6 (11.8)6 (22.2)6 (24.0) Retired6 (14.6)20 (39.2)8 (29.6)11 (44.0) BMI (kg/m^2^)\*35.6 (8.1)31.4 (8.0)0.0129.04 (5.7)30.3 (5.9)0.37Knee Pain Duration0.250.62 \<1 year10 (16.9)8 (14.0)4 (10.3)3 (9.4) 1--5 years29 (49.2)21 (36.8)15 (38.5)9 (28.1) \>5 years20 (33.9)28 (49.1)20 (51.3)20 (62.5)[^1]

As shown in [Table 2](#T0002){ref-type="table"}, there were no statistical race group differences in frequency of experiences of discrimination among female participants. NHB males reported higher experiences of discrimination due to race and there was a statistically significant difference in the number of experiences of discrimination between NHB male and NHW male participants.Table 2Experiences of Discrimination by Race and SexNHB Females (N = 59) N (%)NHW Females (N = 58) N (%)pNHB Males (N = 39)\
N (%)NHW Males (N = 32) N (%)pExperiences of discrimination0.320.03\*Ancestry or national origins2 (3.7)--0 (0.0)--Gender1 (1.9)14 (29.2)0 (0.0)1 (4.5)Race30 (55.6)1 (2.1)29 (80.6)3 (13.6)Religion0 (0.0)1 (2.1)1 (2.8)3 (13.6)Height or weight1 (1.9)10 (20.8)0 (0.0)1 (4.5)Shade of skin color7 (13.0)1 (2.1)2 (5.6)0 (0.0)Sexual orientation2 (3.7)1 (2.1)1 (2.8)0 (0.0)Education or income level4 (7.4)2 (4.2)1 (2.8)2 (9.1)Physical disability3 (5.6)1 (2.1)0 (0.0)2 (9.1)Other unspecified reason4 (7.4)17 (35.4)2 (5.6)10 (45.5)[^2]

Group Differences in Outcome and Mediator Variables {#S0003-S2002}
---------------------------------------------------

NHB participants reported more experiences of discrimination compared to NHWs, *F* (1, 175) = 26.660, *p* \< 0.001 and this race group difference was larger among males than females (raceXsex interaction), *F* (1, 175) = 6.214, *p* = 0.014 (see [Table 3](#T0003){ref-type="table"}). No race or sex differences emerged for perceived stress (*p*s\>0.50). NHBs reported higher levels of pain catastrophizing compared to NHWs, *F* (1, 180) = 12.919, *p* \< 0.001.Table 3Inferential Statistics for Experiences of Discrimination, Psychosocial Variables, Clinical Pain, Disability, and Functional Outcomes by Race and SexNHB Females (N = 59)NHW Females (N = 58)NHB Males (N = 39)NHW Males (N = 32)M(SD)M(SD)M(SD)M(SD)Experiences of discrimination\*^,^\*\*19.07 (12.54)13.94 (12.50)24.58 (12.73)10.04 (10.52)Perceived stress14.32 (7.57)13.87 (6.76)14.08 (5.47)13.98 (6.70)Pain catastrophizing\*1.61 (1.36)0.97 (1.13)1.71 (1.33)1.07 (1.21)WOMAC pain\*8.39 (3.94)6.59 (4.47)9.32 (4.12)7.25 (3.81)Pain disability\*53.38 (30.02)37.97 (31.32)57.63 (24.39)40.87 (27.14)SPPB function\*9.15 (1.81)9.59 (1.73)8.90 (1.77)9.93 (1.16)[^3]

NHB participants reported higher rates of WOMAC pain compared to NHW participants, *F* (1, 180) = 10.059, *p* = 0.002. NHB individuals reported higher rates of GCPS interference (pain disability) than NHW participants, *F* (1, 181) = 13.953, *p* \< 0.001. In addition, NHB participants showed poorer functional performance on the SPPB than NHW participants, *F* (1, 181) = 9.005, *p* = 0.003.

Pearson Correlations {#S0003-S2003}
--------------------

[Table 4](#T0004){ref-type="table"} presents zero-order correlations of experiences of discrimination with psychosocial variables, clinical pain, disability, and functional outcomes by race and sex. For NHB females, pain catastrophizing and SPPB functional performance were correlated with experiences of discrimination. Perceived stress, pain catastrophizing, and WOMAC pain were associated with experiences of discrimination in NHW females. Interestingly, experiences of discrimination were not associated with any outcome variables in NHB males. Lastly, only perceived stress was positively associated with experiences of discrimination in NHW males.Table 4Zero-Order Correlations Between Psychosocial Variables, Clinical Pain, Disability, and Functional Outcomes and Experiences of Discrimination by Race and SexExperiences of DiscriminationNHB Females (N = 59)NHW Females (N = 58)NHB Males (N = 39)NHW Males (N = 32)Perceived stress0.230.40\*\*−0.080.37\*Pain catastrophizing0.30\*0.32\*−0.040.04WOMAC pain0.120.42\*\*−0.010.19Pain disability0.260.23−0.070.11SPPB function−0.27\*−0.20−0.03−0.16[^4]

Mediation Analysis {#S0003-S2004}
------------------

Due to the lack of correlation between experiences of discrimination and outcome variables in the male participants, we conducted mediation analyses in the female participants only. Data from the serial mediation analyses stratified by race in female participants were not included in the manuscript as the pattern of results was similar to that from the overall sample. Therefore, females were combined in the serial mediation analyses to increase statistical power.

### WOMAC Pain {#S0003-S2004-S3001}

The total effect, *c*, of experiences of discrimination (X) on WOMAC pain (Y) after controlling for covariates was 0.0660, indicating higher levels of discrimination predict higher WOMAC pain ([Figure 1A](#F0001){ref-type="fig"} and [Table 5](#T0005){ref-type="table"}). The direct effect, *cʹ*, was not statistically significant, suggesting that experiences of discrimination were unrelated to WOMAC pain, independent of the effect of stress and trait catastrophizing ([Figure 1B](#F0001){ref-type="fig"} and [Table 5](#T0005){ref-type="table"}). Furthermore, the indirect effect (*a*~1~*b*~1~) of discrimination on WOMAC pain through perceived stress was not significant. However, the indirect effect of discrimination through perceived stress and pain catastrophizing in serial, with perceived stress modeled as affecting pain catastrophizing, which in turn influences WOMAC pain (*a*~1~*d*~21~*b*~2~) was significant (0.0043 to 0.0386). Those who experienced high discrimination experienced greater perceived stress (*a~1~* = 0.1429), which was associated with greater levels of pain catastrophizing (*d~21~* = 0.0709), and predicted greater WOMAC pain (*b~2~* = 1.5116). The indirect effect (*a*~2~*b*~2~) of discrimination on WOMAC pain through trait pain catastrophizing was significant (0.0008 to 0.0509). Experiences of discrimination were related to greater levels of pain catastrophizing (*a*~2~ = 0.0144), which in turn was associated with greater WOMAC pain (*b~2~* = 1.5116).Table 5Path Coefficients, Indirect Effects and 95% Bias-Corrected. Bootstrap Confidence Intervals from OLS Regression Predicting Score on WOMAC Pain (N=107)PathEstimate95% CILowerUpperTotal effect (*c*)0.0660\*0.00260.1294Direct effect (*c'*)0.0315−0.02880.0918*a*~1\ (EOD\ →\ Perceived\ Stress)~0.1429\*0.03720.2486*a*~2\ (EOD\ →\ Pain\ Catastrophizing)~0.0144−0.00370.0325*d*~21\ (Perceived\ Stress\ →\ Pain\ Catastrophizing)~0.0709\*0.03810.1037*b*~1\ (Perceived\ Stress\ →\ WOMAC\ pain)~−0.0186−0.13610.0989*b*~2\ (Pain\ Catastrophizing\ →\ WOMAC\ pain)~1.5116\*0.85562.1676Indirect Effects*a*~1~*b*~1~−0.0027−0.02630.0112*a*~1~*d*~21~*b*~2~0.0153\*0.00430.0386*a*~2~*b*~2~0.0218\*0.00080.0509Total indirect effect0.0345\*0.00800.0734[^5] Figure 1Path diagram showing (**A**) the total effect of EOD on WOMAC Pain and (**B**) the direct effect and causal paths linking EOD to WOMAC Pain. \*Statistical significance (the bootstrap confidence interval is above or below zero).**Abbreviations:** EOD, Everyday discrimination; WOMAC Pain, The Western Ontario and McMaster Universities Osteoarthritis Index; BMI, body mass index.

### GCPS Interference {#S0003-S2004-S3002}

The total effect, *c*, of experiences of discrimination (X) on interference (Y) after controlling for covariates was not statistically significant, suggesting higher levels of discrimination were unrelated to interference ([Figure 2A](#F0002){ref-type="fig"} and [Table 6](#T0006){ref-type="table"}). The direct effect, *cʹ*, was not statistically significant, suggesting that experiences of discrimination were unrelated to interference, independent of the effect of stress and trait catastrophizing ([Figure 2B](#F0002){ref-type="fig"} and [Table 6](#T0006){ref-type="table"}). However, the indirect effect (*a*~1~*b*~1~) of discrimination on interference through perceived stress was significant, suggesting that those who experience higher levels of discrimination reported greater perceived stress (*a*~1~ = 0.1431), which predicted greater interference (*b*~1~ = 0.8620). Furthermore, the indirect effect of discrimination through perceived stress and pain catastrophizing in serial, with perceived stress modeled as affecting pain catastrophizing, which in turn influences interference (*a*~1~*d*~21~*b*~2~) was significant (0.0226 to 0.2312). Those who experience high discrimination experienced greater perceived stress (*a~1~* = 0.1431), which was associated with greater levels of pain catastrophizing (*d~21~* = 0.0713), and which predicted greater interference (*b~2~* = 8.5110). The indirect effect (*a*~2~*b*~2~) of discrimination on interference through trait pain catastrophizing was significant (0.0007 to 0.3096). Experiences of discrimination lead to greater levels of pain catastrophizing (*a*~2~ = 0.0144), which in turn was associated with greater levels of interference (*b~2~* = 8.5110).Table 6Path Coefficients, Indirect Effects and 95% Bias-Corrected. Bootstrap Confidence Intervals from OLS Regression Predicting Score on Graded Chronic Pain Scale (GCPS) Interference (N=108)PathEstimate95% CILowerUpperTotal effect (*c*)0.4071−0.06780.8821Direct effect (*c'*)0.0744−0.37480.5235*a*~1\ (EOD\ →\ Perceived\ Stress)~0.1431\*0.03780.2483*a*~2\ (EOD\ →\ Pain\ Catastrophizing)~0.0144−0.00360.0324*d*~21\ (Perceived\ Stress\ →\ Pain\ Catastrophizing)~0.0713\*0.03870.1040*b*~1\ (Perceived\ Stress\ →\ GCPS\ Interference)~0.8620−0.01361.7375*b*~2\ (Pain\ Catastrophizing\ →\ GCPS\ Interference)~8.5110\*3.634213.3878Indirect Effects*a*~1~*b*~1~0.1233\*0.00500.3598*a*~1~*d*~21~*b*~2~0.0869\*0.02260.2312*a*~2~*b*~2~0.1226\*0.00070.3096Total indirect effect0.3328\*0.12250.6179[^6] Figure 2Path diagram showing (**A**) the total effect of EOD on GCPS Interference and (**B**) the direct effect and causal paths linking EOD to GCPS interference. \*Statistical significance (the bootstrap confidence interval is above or below zero).**Abbreviations**: EOD, Everyday discrimination; GCPS Interference, Graded Chronic Pain Scale Interference Scale; BMI, body mass index.

SPPB Total Function {#S0003-S2004-S3003}
-------------------

The total effect, *c*, of experiences of discrimination (X) on functional performance (Y) after controlling for covariates was −0.0149, indicating higher levels of discrimination predict poorer functional performance ([Figure 3A](#F0003){ref-type="fig"} and [Table 7](#T0007){ref-type="table"}). The direct effect, *cʹ*, was not statistically significant, suggesting that experiences of discrimination were unrelated to functional performance, independent of the effect of stress and trait catastrophizing ([Figure 3B](#F0003){ref-type="fig"} and [Table 7](#T0007){ref-type="table"}). However, the indirect effect (*a*~1~*b*~1~ = 0.1431 (−0.0473) = −0.0068) of discrimination on functional performance through perceived stress was significant, suggesting those who experienced high levels of discrimination reported higher levels of perceived stress, which predicted poorer functional performance. Further, the indirect effect of discrimination through perceived stress and pain catastrophizing in serial, with perceived stress modeled as affecting pain catastrophizing, which in turn influences functional performance (*a*~1~*d*~21~*b*~2~ = 0.1431 (0.0713)-0.2693 = −0.0027)) was significant (−0.0093 to −0.0002). Those who experienced high discrimination experienced greater perceived stress, which was associated with higher levels of pain catastrophizing, and predicted poorer functional performance. The indirect effect (*a*~2~*b*~2~ = 0.0144 (−0.2693) = −0.0039)) of discrimination on functional performance through trait pain catastrophizing was not significant (−0.0126 to 0.0002).Table 7Path Coefficients, Indirect Effects and 95% Bias-Corrected Bootstrap Confidence Intervals from OLS Regression Predicting Score on Short Performance Physical Battery (SPPB) Total Score (N=108)PathEstimate95% CILowerUpperTotal effect (*c*)−0.0149\*−0.0411−0.0113Direct effect (*c'*)−0.0015−0.02780.0248*a*~1\ (EOD\ →\ Perceived\ Stress)~0.1431\*0.03870.2483*a*~2\ (EOD\ →\ Pain\ Catastrophizing)~0.0144−0.00360.0324*d*~21\ (Perceived\ Stress\ →\ Pain\ Catastrophizing)~0.0713\*0.03870.1040*b*~1\ (Perceived\ Stress\ →\ SPPB)~−0.0473−0.09860.0040*b*~2\ (Pain\ Catastrophizing\ →\ SPPB)~−0.2693−0.55500.0164Indirect Effects*a*~1~*b*~1~−0.0068\*−0.0197−0.0001*a*~1~*d*~21~*b*~2~−0.0027\*−0.0093−0.0002*a*~2~*b*~2~−0.0039−0.01260.0002Total indirect effect−0.0134\*−0.0298−0.0037[^7] Figure 3Path diagram showing (**A**) the total effect of EOD on SPPB Total and (**B**) the direct effect and causal paths linking EOD to SPPB Total. \*Statistical significance (the bootstrap confidence interval is above or below zero).**Abbreviations:** EOD, Everyday discrimination; SPPB, Short Performance Physical Battery; BMI, body mass index.

Discussion {#S0004}
==========

This is the first study to examine this serial mediation model and to assess discrimination, perceived stress and catastrophizing as a potential common pathway contributing to greater pain burden among NHW and NHB women with or at risk of knee OA. Accumulating evidence has documented that experiences of discrimination are associated with poorer pain-related outcomes,[@CIT0017],[@CIT0025],[@CIT0027],[@CIT0028],[@CIT0044] as well as adverse psychosocial outcomes such as psychological distress,[@CIT0026] perceived stress,[@CIT0024] and pain catastrophizing.[@CIT0030] Much of the evidence on the deleterious effects of perceived discrimination in pain outcomes have focused on racial discrimination.[@CIT0027],[@CIT0028],[@CIT0045] The current study adds to the literature by examining whether psychosocial mediators (ie, perceived stress, pain catastrophizing) are mechanisms by which everyday experiences of discrimination, beyond racial discrimination, influence pain-related and functional outcomes.

Overall, Hypothesis 1 was not supported by the findings, as perceived discrimination was associated with catastrophizing similarly in NHB and NHW females and was not associated with catastrophizing in NHB or NHW males. Also, associations of discrimination with pain and disability were similar if not stronger in magnitude among NHW compared to NHB females. These findings implicate perceived discrimination as an influential contributor to the pain experiences in women, regardless of race/ethnicity. Discrimination may contribute to the dysregulation of physiological processes associated with chronic, ongoing stress.[@CIT0017],[@CIT0023],[@CIT0026],[@CIT0046] Indeed, stressors such as racial discrimination have been associated with alterations in the hypothalamic-pituitary-adrenal (HPA) axis activity[@CIT0047] and cortisol response,[@CIT0048] the stress regulating system, greater allostatic load,[@CIT0049] presence of circulating pro-inflammatory cytokines,[@CIT0050]--[@CIT0052] and shorter telomere length.[@CIT0053]

Interestingly, we found that perceived stress was positively correlated with discrimination in the NHW group, but not among NHB participants. This suggests that the components of stressful experiences assessed by the Perceived Stress Scale are not strongly associated with discrimination among NHB individuals. Indeed, the discrimination experienced by NHB adults is more likely to be chronic and implicit, and therefore may not be consciously appraised as a discreet stressor. In this case, the Perceived Stress Scale, which asks about responses to ongoing demands and stressors, may fail to capture NHB individuals' responses to discrimination and may fail to capture specific situations more common to the Black life experience. Alternatively, NHB individuals may have developed coping strategies for mitigating the effects of discrimination, which would attenuate its impact on perceived stress. Indirect support for this comes from the finding that perceived stress did not differ across race/ethnic groups, despite large differences in discrimination.

In the present study, the relationship between discrimination, perceived stress and pain catastrophizing and outcome variables in mediation analyses were assessed in females only. An interesting but unexpected finding was the lack of relationship between everyday discrimination and outcome variables in males. This was especially notable in NHB males because they reported experiencing the highest rates of discrimination and the poorest clinical pain-related and functional outcomes. In women, we found that perceived stress and pain catastrophizing serially mediate the relationship between everyday discrimination and pain-related and functional outcomes, which resulted in greater clinical pain, greater disability, and higher levels of functional impairment. The analyses revealed a slightly different pattern of findings for each of the 3 outcomes. The serial mediation path in which, experiences of discrimination led to higher perceived stress which led to greater pain catastrophizing was significant for all outcomes. However, the significance of other indirect paths varied across outcomes. For example, the association of discrimination with WOMAC pain was not mediated by perceived stress, while this path was significant for both pain interference and functional performance. In contrast, pain catastrophizing mediated the association of discrimination with WOMAC pain and GCPS pain interference, but not with SPPB performance. The reasons for these differences are not clear, but the findings suggest that the link between discrimination and different pain-related outcomes may be mediated by different psychological factors. Given that perceived gender discrimination in women negatively impacts women's self-esteem[@CIT0054] and well-being,[@CIT0055] it is possible that experiences of discrimination, including gender-based discrimination may cause women to feel socially excluded or isolated, which could interfere with their ability to benefit from the buffering effects of social support. In turn, this may lead to greater perceived stress and higher use of pain catastrophizing, resulting in poorer pain-related and functional outcomes in women.

These findings have potential clinical implications. Specifically, it may be difficult to directly alter experiences of discrimination; however, our findings suggest that incorporating discrimination as a potential target of interventions could positively impact pain-related outcomes. First, providers should consider assessing discrimination to determine its potential role, particularly in high-risk patients with chronic pain. Among patients who report experiences of discrimination, addressing the potential pathways whereby discrimination might affect pain, for example, through increased perceived stress and greater pain catastrophizing, could be beneficial. This may potentially enhance patients' motivation to address stress, pain catastrophizing or other targets, such that when patients experience episodes of discrimination they can implement pain-coping strategies to reduce the downstream effects of these experiences of discrimination. Essentially, interventions should incorporate strategies that decrease the stress associated with discrimination and limiting the adverse cognitive/affective (eg, pain catastrophizing) processes that may accompany such situations. Finally, strategies to reduce bias and discrimination in the healthcare setting are needed to promote equitable pain medicine. Empowering patients by providing them the tools to advocate for optimal pain care is an important goal, particularly for individuals who are often marginalized by the health system. In addition to incorporating discrimination as a potential treatment target, future studies would benefit from longitudinal designs to determine causal relationships between experiences of discrimination and perceived stress and catastrophizing and their impacts on pain outcomes across race and sex. Studies investigating the impact on gender discrimination on pain are needed as well as research investigating the influence of discrimination on pain catastrophizing.

These findings should be interpreted in light of the study's limitations. First, this is a cross-sectional study and was not originally designed as a serial mediation model; therefore, it is unclear the directionality of the relationship between perceived stress and pain catastrophizing. It is likely a bidirectional relationship where change in one variable impacts the other and vice versa. Therefore, future studies should be designed to test the order of the mediators. Also, additional psychological variables such as anxiety and depression were not included in the model, and these may have more of an impact on outcomes for males. Lastly, it is not clear whether these findings generalize to a younger cohort (eg, 18--44 years of age), to individuals with different pain conditions, or even other cohorts of NHB participants.

The current study has several strengths. This is the first study to examine this serial mediation model and to assess the intersection between race and sex in patients with chronic knee pain. The study includes a large sample that is ethnically/racially diverse. The study used established measures to assess experiences of discrimination, as well as psychosocial and outcome variables.

In sum, the results of the current study suggest NHB males and females experience higher rates of racial discrimination compared to their NHW counterparts. Our findings also suggest that perceived stress and pain catastrophizing serially mediate the relationship between everyday discrimination and poor pain-related outcomes in women. These findings underscore the importance of perceived stress and pain catastrophizing in understanding the complex relationship between everyday discrimination and knee OA-related clinical pain, disability and physical functioning outcomes. These results may have implications for the management of perceived stress and pain catastrophizing as a means to reduce the negative impact of experiences of discrimination in relation to the experience of knee pain.
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[^1]: **Note:** \**p*\<0.05.

    **Abbreviation:** BMI, body mass index.

[^2]: **Note:** \**p* \< 0.05.

    **Abbreviations:** NHB, non-Hispanic black; NHW, non-Hispanic white.

[^3]: **Notes:** \**p* \< 0.05 main effect of race, ^\*\*^*p* \< 0.05 interaction of race and sex. Analyses were adjusted for the following covariates: study site, age, and body mass index.

    **Abbreviations:** WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; SPPB, Short Physical Performance Battery.

[^4]: **Notes:** \**p* \< 0.05; \*\**p* \< 0.01.

    **Abbreviations:** NHB, non-Hispanic black; NHW, non-Hispanic white; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; SPPB, Short Physical Performance Battery.

[^5]: **Notes:** \*Statistical significance (the bootstrap confidence interval is above or below zero). Models include controls for site, age, race, income, and body mass index.

[^6]: **Notes:** \*Statistical significance (the bootstrap confidence interval is above or below zero). Models include controls for study site, age, race, income, and body mass index.

[^7]: **Notes:** \*Statistical significance (the bootstrap confidence interval is above or below zero). Models include controls for site, age, race, income, and body mass index.
